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SUMMARY g

|
Nuclear power plants are cxpected to supply an increasing share
of the Nation's electricity for the remainder of the century, and to

contribute toward the Federal goal of achiceving énerg) selfosufficiency. g

| ’

The Tennusgcc Valley Authority's (TVA) commitment to nuclear power I+ 8

—

is among the largest of any utility system in th% Nation. The agency's |

b - ~. )
studi. s indicafe that nuclear plants represent the bes'. short-range
d I 1
assurance of producing an\adgquate anount of electricity in an environ-
| N

. - . i}
mern.ally acceptable manner at affordable prices. }‘

0 ' s .

o The Nuclear Regulatory Comitission (NRC) L/ and the Environmental £7 ;
fi Proteciion agency (LPA) are the Federal regulatory agencies responsible 2%
o - .

: for human and environmental safely of nuclear power plants. During the

past few years, these agencies have issued many new guidelinces and
1

cstablished new criteria to enhance safety. .. :

w

| ——gzghoyah is TVA's second nuclear power plant. The plant has two

nuclear reactors and generating units wit: a combined gross electrical

l ;
power output of over 2.4 million kilowacts. 1t is one of the first ice

1
|

condenser contaidment type plants in the Nation. The ice condenser is

!
a safety system that holds over 2.5 million pcunds of small ice flakes.

P T R

. It is designed to rapidly quench heat and relieve pressure that could
build up in the event of a reactor system rupture. Although the ice
condenser had not been completely tested when TVA purchased it, TvVa

|

started plant design and comstruction concurrently to meet its power

it g Lt ar s e

1/ at the tiwe our study was made, nuclear licensing and r.-lated :
regulatory functions were the responsibility of the Atomic Energy #
iCommission. Thes~ responsibilities were subsequently transferred :
| to NRC by the bnergy Reorganization Act of 1974 (P.L. 93-438). :

-1~
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requirements forecast for the 197G's. The plant was about 65 purcent

complete as of September 1974,

PEOJECT COST EAPERIENCE

IVA's initial cost estimate in 1968 for the Scquoyah plant was $336
@illiun. as of SeptemLcr 1974, the estimate increased over 10U percent to
$675 million ~- a growth of $339 million. This cost growth is attributablce
to cost estimating, design and engincering changes dgriné construction,
inflation, higher interest on borrowed money than anticipated, and
schedule delays.

The plant's cummercial operation date has been delayed about 40 months
from the initial plans, and TVA estimates it will incur additional costs of
$317 million to obtain electricicy from alternate sources during this
intervening period. The needed electric power weuld have been provided
by the Sequoyah plant had it been completed on schedule.

The cost increase of $339 million will cause TVA's power rates to
increase about 2 percegt over the plant's estimated commercial life of 40
years, The additional 5317 miilion for alternate power sources will
increase‘rates gbout 5 paréent during the 40-month delay.

TVA prepared the initial cost estimate when the plant's design was
less than 2 percent complete. Lack of experience in scheduling nuclear
plant comstruction, and a new conceptual design--ice condenser--ccmpli-
cated the cost estimating process.

Costs rapidly increased as over %0 significant deqign and engineering

changes were made during conmstruction. New or modified NRC guidelines

contributed to cost growth and schedule delays, and EPA requirements added

to the plant's costs. Delays brought the project into a period of much
greater inflation than envisioned in the initfal cost estimate, and con—

tributed substantially to higher interest costs.

s 2 e



. costs.

e

' The current cost will“increase because of major items not included \\
\c

in the September 1974 estimate. NRC is still reviewing the project's

final design, and _further engineer;ng'changes may result in additional

/

\
PROJECT SCHEDULE EXPERIENCE

TVA initially estimated comméﬁgiai operation dates of October 1973

for\§gguoyah's firet reactor unif and April 1974 for the second reactor

e N
unit. These dates have now slipped about 40 months to January 1377 and

TVA even considers the current schedule to be optimistic.
N,

The plant's delay is caug;d in part by TVA's optimism toward

rd -

accommodating fotecasfif/gléctric power requirements and not on a realistic

Septexmber 1977,

-
agsessment of the time needed for design and construction. TVA relied on
inapplicable fossil-fueled plant comstruction schedules for guidance.
Evolving nuclear plant technology and changing NRC guidelines resulted

in mejor design and engineering changes during construction which also

caused schedule deley. NRC ataff are now raising numerous questions about

tﬁe plent’s design, some of which could result in further plant modifi-

cations with associated schadule delays.

NRU data shows that about Eé/?éars have beern required to desiga and
construct a nuclear power plant. The plants are uften custom-designed

making it necessary for NRU to extensively review each design and ensure
that buman and environmental safety stanudards are met. Each plant's sitﬂ

selection process also-requires considerable time for collecting and
evaluating environmental data prior to starting construction. NRC officials
believe that standardizing plant design and selecting and approving plant

sites well in advance of granting i construction permit are promising and

practical ways of reducing plant lead time from 10 to about 6 years,
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PLANT PERFURMAMNCE

Sequoyah's power ovtput will be only $lightly reduced cven though
numerous engineering changes were made to the plant. The addition of

cooling towers will cause the largest reduction,

One of the plant's major safety systems ——Ethe ice condenser -- was

undergoing test|and analysis by the manufactufei ~- Westinghouse Electric
| e
| .

struction started. ‘As problems with this

Corporation -~ when plant cons

- - hane
— -

system were detected, major design .changes were made and another safety
. . . |

cystem -— upper head injection ---was added. Other safety features were

added or changed as NRU guidelines changed. Watcer temperature standards

—

for the Tennessee River, which arc now more strict than when TVA started
its plant desigh, Yequired constructing cooling towers and adding a
new water pumpi;g station.

As NRC combletes its review of Sequoyah's design. other changes may

become necessary, and the plant's operating capacity could possibly be

Testrictud for safcty reasons.,

‘ l
i

COMING EVENTS !
|

i . : . . .

As construction continues, major coming events will include:
4
|

—--NRU's completion of its review of TVA's final safety analysis
f
report on Sequoyah. The purpose of this report is to support

an appiication for an operating license.

—-Review by%the Advisory Committee on Reactor Safeguards. This
Committee!is an independent group established by law whose tasks
include reviewing plant safety studies and license applicationms.

--Start of fuel loading and reactor testing in July 1976.

~-5tart of commercial operation in January 1977.

!
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CONCLUSION AXD RECOMMERDAT ION

Concurrent design and construction of nuclear plants is a normal
induétry practice according to NRC officials, and plants are often

custom~designed making an extensive NRC review necessary to ensure public

. health and safety. As new technology is applied, NRC reviews become even

mofe important. An extended pericd of time usually elapses between NRC's
two-~stage licensing review process -- 42 months in the case of TVA's
Sequoyah plant -- and concurrenty, customization, and new technology
can increase the likelihood NRC will find problems with a utility's plant
design. The result can be modified designs and backfits which translate
into added cecsts 2nd delayed schedules.

NRC officials acknowledged there was infrequent communication with
utilities about specific plant designs and related problems during the
interval between NRC's two-stage review. They irformed us of ways

|

utilities can stay informed}of NRC requirements and acceptance criteria.
We bclieVe‘ignmay be p%ssiblo tc reduce or ¢void some modifications
to nuclea; plants if NRC maintained surveillance over critical features
of a plant's design during -the interval between its two regular reviews.
Except for safety, the main concern should be to assist the utility in
avoiding future increased costs and delayed schedules.
We recommend that NRU re-examine its licensing review procedures
and practices with the objective of maintaining surveillance over nuclear
plant designs during the interval between its two regular reviews --
particularly designs prepared concurrently with coneructioﬁ -~ and of

finding ways to provide coacurrent assistance to utilities in order to

reduce costs and maintain schedules.
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MATTER FOR CONSIDERATION

Several bills werejiﬁtroduced in the 9.rd Congress to help elimié@fé¥h<:
\,__ — -

delays in the nuclear lice sing proucess and to generally improvc licensing
procedures, Two-features dealt.wifh etandardized nuclear plant deaigﬂsanS\’
pre-séﬁected nuclear plant sites, The latest bill to incorporate these [

featu¥e§‘and to amend the Atomlc Energy Act was H.R., 16700. Hearlngs were

/’ ‘;

held but nobcompleted.

~-~~__ The Congress may wish'tdféontinue reviewing the advantages and disadvan-

RN . -

tages associated with standardization and pre-selected plant sites, and con-

sider appropriate legislation‘to help reduce nuclear plant lead time,

AN

AGENCY COMMENTS

)

e g
A_draft of this study wes furnished to Tva, NRU, and EPA offacials,

and their comments are incorpurated as appropriate. As far as we know,

there are no residual differences in fact.

QUESTIONS

Although not fully developed in this staff study, we believe there

. are some matters concerning this project which warrant further attention.

The f£ollowing questions are provided for use by *he congressional committees

during fiscal year 1976 hearings on the Tenmessee Valley Authority and the
s

Nuclear Regulatory COmm;ssion{//These questions were included in the draft

staff study sent to IVA and NRC for review, but we did not ask fur a

response.

Yuestions for TVA and NRC . ,

1. NRC raised 427 questions during 1974 about the Sequoyah plant’
while reviewing TVA's final safety analysis report., What is the étatus
of TVa's answers, and what will the realized or projected impact de on

plant cost, schedule, and performance?

-H -
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2. Westieghouse Electric Corporation is scheduleL to complete
tests eu its redesigned ice condenser system in Februaty 1975, What are
the results of the tests to date. and will there be any impact on TVA's
“zquoyah plant in terms of cost, schedule, and performence?

v 3. NRC Las tempdrarily restricted the operating capacity of one

utility company's ice condenser unit - the Nation's first -- to 81

percent. TVA's Sequoyah piant will be t.he second nuclear plant with an
I —
ice condensger design.: TVA-ig adding an upper head iLjection {UHI)
/‘r"
system as an additional safety feature. NRC is reviewing UHI and expects
-

to finish in June 1975. What are ‘the results of NRC's review of UHI

to date? Will UdI significancey increase the margin of safety expected?

What is the llkelihocod that Sequoyah will not be allowed to operate at

full power because of the ice condenser design?

|
1

Question for TVA :

4, TVA is estabiiahing a central cost data bank to help it more
accurately estinate tﬁe cost of future nuclear power plants. A major
constrdction cost element is the nuclear steam supply system (reactor,
pressufizers, steam generator, ice condenser, and asssciated equipment)
purchased from privaté manufacturers. TVA's contracts for these systems
are awafded after advertising, and provide for payment on a fixed-price
basis subiecct to escalation. Only the total purchase price is known.
TVA does not have cost‘information on the major individual components of
these systems because Lhe contracts do not provide for access to
contractors' records. !Can TVA develop meaningful construction cost

information for nucleaﬁ power plants lacking the major component costs

of nuclear steam supply é}éééﬁs? Should this information be known in
| i R
1 '
eraer to develep an adequate information base for future cost estimating

|
purposes? !
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CHAPTER 1
INTRODUCTION
This staff study on the construction of TVA's Sequoyah nuclear
péwer plant is part of the General Accounting Office's continuing effort
to provide the Congress information on major icquisition programs of

civil agencies. Although the Sequoysh project was about 65 percent
{

complete as of Septemher!1974, the study describes problems TVA encountered

and makes suggestions for improvement in planning and conscracting similar

projects in the future.

AUTHORITY, PURPCGSE, AND SCOPE OF GPRRATIONS

.TVA is a corporation wholly-owned by the Federal Government. The.
agency was established by the Congress in 1933 to improve the public
usefulress of the Tennessee River and to assist in tﬁe develcopment of
other resources of the Tennessee Valley and adjoining area:. The
production and sale of e;ectric power are part of TVA's rescurce
development program. E

In fiscal year 1974,ETVA supplic * electric power at wholecale
pri:es'to 160 municipal agd cooperative electric systems which distributed
power to more than 2.4 million customers in parts of seven states.
TVA also served directly 47 industrial customers with large or unusal
power requirements, and several Federal atomic, aerospace, and military
installaticns,

FINANCIAL ARRANGEMENT

TVA's electric power program is fimancially supported by power
revenues and borrowings. The power program budget for fiscal year 1976

totaled over $2 billion.

A et bbby
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-TVA's Board of Directors are required by law to sell power at ratesif\‘<L:T

S \\
-5 low as feasible. However, these rates must provide gross rvevenues that , -
’ \ /
will cover all costs assoriated with operating the power program including \\3
) S N A
debt seryite (ir.terest and principal payments on debis); payments to i

states ahg\iountias in lieu of taxes; dividend payments to the U.S.
Treasury on the Federal Government's net appropriation Investment in power

{§pilities made in earlier reaﬁﬁgﬁrepayments to the Treasury of the apprc-
\\>\7 ,-/".
priation investment; and a margin for reinvestment in the power system.

TVA considers 15 percent to be a désirable reinvestment margin even though

" this percentage has not yet been achieved.

e
The Congress haé not appropriated funds tu TVA for new power plant

- -

construgkion since 1953, but TVA is currently authorized by lav to
incur<aebts up to $5 billion for such purposes. As of August 31, 1974,

TVA had cutstanding debts totaling $2.8 billion which were incurred through
bond and note sales, U. S. Treasury advances, and Federal Finance Bank loans.

These debts are not obligations of or guaranteed by the Federal Government.

NUCLEAR POWER PLANTS

Nuclear power plants are expected to supply an increasing share of

e
the Nation's electricity for the/rémainder of the century, and to contribute

" toward the Federal goal of achieving energy self-sufficiency.

TVA's current means of generating electricity is primarily from hydro-
electric and coal-fired power plants. However, the agency's commitment t%
nuclear power is among the largest of amy utility company in the Natiom.

Its studies inudicate that uclear plants represent the best short-range

i Esaam v amser s

W)
v
77
=
ot
<
70
e
o
=
o
F:Z
:U‘.;"n
ﬁ%z
7



e Lk

assu.ance of producing an adequate amount of electricity in an environmen- i

tally acceptable manner a2t affordable prices.

During the next 10 years TVA plans the most masslve power plant
construction program in! its history, expanding current generating ce =ity
from about 23 million kilowatts to 47 miilior kilowatts. 'TVA began con-
struct.ng its first nuclear power plant--Browns Ferry;-in.1966 near
Decatur, Alabama. In 1969 preliminary comstructlon began on the Sequoyah
plan® located northeast of Chattanooga, Tennessee. Construction started
en a third plant—~Watts Bar~-in 1973 near Spring City, Tennessee, and a

fourtn plant -~ Bellefonte -~ in 1974 near Scottsboro, Alabama. Currently,

three more nuclear plants are planned.

SEQUOYAII NUCLEAR

PLANT DESCRIPTION

TVA is its own architect, engineer, and comstructor. For the Sequoyah

i
1

plant, Westinghouse Eleétric Corporation is the major equipment manufacturer
supplying the nuclear steam supply systems (reactors, pressurizers, steam
generators, ice condensers and associated equipment} and the turbogenerators.
Sequoyah is a pressurized light water reactor plant, with two nuclear
reactors and generating units having a combined gross electrical power
output of 2,441,160 kilowatts.
The nuclear reactors are the source of heat for producing steam. The
force of tte expanding steam drives turbines that spin a rotor inside a
magnetic field to generate electric power (see Figure 1). Controlled
nuclear fission of uranium fuel will create the heat in a pressurized N

reactor core. The reactor core contains more than 50,000 long, slender
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fuel rods which hold 111 tons of uranium dioxide-—about one-third of

which are renlaced each year.

The plané is designed with three separate ‘and distinct water
i :

i ‘
cycle consists of pressurized water circulating upward through the

cycles for eajh nuclear steam supply system (sée Figure 1). The first

' -

reactor core/qo‘traﬁéfer‘the heat generated by jnuclear fission. The
!
" ~ l i
heated water is pumped to a steam: generator where it passes through
. o~
U-shaped tubes., The second cycle contains water surrounding these

heated tubes. The water absérbs the heat and is turned to steam.

The steam turns a turbine generator to produce the electricity. The

I
steam continues through the turbines to a condenser that converts

the steam back to water by circulating it around tubes cooled by a third

'

cycle of water pumped from a reservoir in the Chickamauga Lake. The water % ]
i .
collected from condensed steam in the second cycle is then pumped back !

to the steam generator to continue the steam—-making process. The lake

1
water flowing through the plant's condensa2rs never enters the steam
i

generator or the reactor vessel, but either (1) flows through cooling
|

}

towers and returns to the lake, (2) flows through the cooling towers into
|

the water intake channel and is pumped back through the condensers in a

closed-loop cycle, or (3) 1s discharged directly to the lake.

Sequoyah is among the first nuclear power plants to use a new type
i

{ . . - )
of reactor containment vessel which includes an ice condenser (see Figure 2).

f
Other nuclear power plants that do not have ice condensers house the nuclear

'reactor in a large steel or steel-lined comecrete vessel. Because of the

I
.

f
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- ' \ -
ice condemser, Sequoyah's twé sFeel containment vessels are considerably f
smaller and_;gzg—;;e enclosed by a B—fcot thick reinforced concrete wall.i
The concrete building serves as a biological shield as wall as structural{
protection for the steel vessels. '
The steel vessels contqiﬁ/g;'annular chamber 13 feet wide that will
;\\\f‘holé\over 2.5 million pounds of small ice flakes. 1In the event of a
reactor accident, the mass of ice is expected to rapidly quench heat
and pressure that might occur within the containment vessel.
Other primary safety systems in the containment area, but not

picfhred,'incigés/zﬁ emergency core cooling system and a containment

\

spray system.

SCOPE OF . STUDY

This study covers tne project's status as of September 1974 in
terms of cost, schedule, and technical performance. It also identifies
the changes and the basic reasons for them since the project was presented
to the Congress in January 1969.

ﬁe obtained the information by interviewing TVA, WRC, EPA, Westing-
house Electric Corporatizq;/g;d State of Tenressee officizls; and by
reviéwing pertinent Federal and state laws and regulations, and agency
files and corresponden e.

We performed the study at TVA offices in Knoxville and Chattanooga,
Tennessee; the Sequoyah project site near Daisy, Tennessee; the NRC'
office In Bethesda, Maryland; and the EPA regional office in Atlanta,

Georgia.

-12-
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CHAPTER 2

l
PROJECT COST EXPERIENCE

TVA's initial cost estimate of $336 million in August 1968 for
the Sequoyah plant increased by $339 million or over 100 percent to

$675 million as of September 1974. The cost groﬁth is attributable to

cost estimating, design and engineering changes during construction,

inflaticn, higher interest on borrowed money than anticipated, and
| T N

/“'l - : ‘\
schedule delays.! ~. , '
‘ {
‘ . |
TVA officials estimated that additional costs of at least $317

million will be incurred to obtain needed electricity from alternate

sources because the rlant was not_completed on schedule. These costs
are in addition to the estimated operating coste TVA would have incurred
if the Sequoyah plant had started producing power when origimally planned.

The alternate electricity needed during the schedule delay period is

¥

provided by contlinuing usage of less economical fossil-fueled plants,
using newly acquired combustion turbine power generators, and purchasing

power from other utility companies.
k

!
TVA may i1zur even more costs as a result of continuing NRC and EPA

reviews of the plant's safety and environmental features. Ultimately, all

costs are passed on to TVA customers.
1

Table 1 compares the initial coanstruction cost estimates with current

estimates.

_]:3_
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Table |

Estimated project costs

(Millions) " Dollar Percentage
Cost categories August 1968  Sept.l1974 increase increase
Conatruction labor $ 48 $112 § 64 133
Material, equipment, anJ
subcontractor 203 307 104 51
General expense including design 32 g5 - 63 197
Contingency 17 19 2 12
Interest during construction 36 142 106 294
Total plant construction
cost $336 ) $675  $339 101
Nuclear fuel 548 788 24 44
Plant construction cost :
including nuclear fuel $390 $753  $363 93

87yA does not include initial fuel costs in construction co
although both are capitalized. StS,
|

i
i}

COST ESTIMATING i

1
|

TVA's initial cost estimate was understated primarily because TVA

lacked experience in scheduling construction of nuclear power plants, and
could not anticipate the number of englneering changes or the extent
of inflation.

Other power companies also had estimating problems.

For example, Power Engineering, a power generation engineering mapgazine

reported in August 1974:

"fhere was not much experience in the mid-1960s with nuclear
power plant capital costs, and the estimates made at that
time for future plants are turning out to be far too low.

In aggregate, the true cost of the 29 nuclear plants con-
tracted for in 1965-66 probably wiil reach more than double
the aggregate of the original estimates."”

~1b=

=
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NRC data published in the same {ssue further illustrated increasing e
construction costs: The data showed that 30 nuclear plants contracted \ :! :
' A\

B - \
for in 1357 will have an average cost of $354 a kilowatt (KW} compared
to oringg} estimates of S146/KW ard 14 nuclear plants contracte. for

in 1968 will\average about $413/KW compared to original estimates of

$157/Kv for 17 plants; Sequoyﬁh,is currently expected to cost $276/KW !

T~ .
compared to an originalestimate of $138/KW.

The Sequoyah plant's design was less than 2 perceant complete when

_the original cost estimate was made. Construction laber hours nearly
doubled to 15.4 milldion hours/}rom the ovriginal estimate of 8.2 million.
Engineeéggg desién gpsté/?which also represent labor hours) were three
times larger than the original estimate--545 million compared to $15 i
million.

TVA officlals informed us that because of limited experience in

scheduling nuclear plant construction, initial labor hour estimates i
were underatated, TVA recognized this underestimate early in the program, }
and in January 1970 increased the original estimate from 8.2 million to
12.2 million hours. Labor hours were later Increased because of design
and engineering changes during construction, and because formal quality
assurance procedures were implemented.

DESIGN AND ENGINEERING CHANGES
DURING CONSTRUCTION

!

During construction, design and engineering clanges probably had moré

impact on cost growth than any other single factor. These changes affected

all areas--labor, material, interest, and schedule--and primarily resulted

-15~
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from.TVA initiateé design changes, NRC and EPA quuirements for added
nuclear safeguards and environmental protection, and equipment manu-
facturers' redesigns.

To 1llustrate this problem, TVA identified over 90 significant engi-

neering changesithat were made to Sequoyah afte;’the original cost estimate.

J
These changes wére attributed to: NRC requirements - 35; TVA redesigns -

1
28; TVA de:isions because of improved technologi!or cest savings - 13;

ot S~

EPA requirements - &4; equipment manufacturers’
|
1 0 i -
manufacturer modifications hzcause of safety criteria changes - 4; and

‘edesigns - 4; equipment

cther requirements - 5. Selected major changes are discussed in the Plant

Performance section of this‘sfdfﬁjstudy.

INFLATION |
TVA officials attributed about $150 million or 22 percent of the $675
million project cost to inflation. The original cost estimate included

1

an allowance for inflation, but the inflation rate experienced was much

greater than anticipated.

' TVA's original and current projections of annual inflation per-

|
| » -
centage incre: ses for labor, material, and interest rates are shown

in Table 2. |
o ;{'*% Table 2 T o
Annual percentage projections
Cost categﬁrz August 1968 September 1974
Labor rate% ' 4 10
Material / 3 10

l

Primary equipment manufacturer

. Material 2 ( ’
| 1,12
! Labor i , 5.5 (Zu.l
Interest | : ) 6 8.5

a
Cumulative actual rate based on escalation clause in contract.
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In 1968, TVA'y nuclear planf construction employegs averaged $4.65
an hour including ffinge benefits. The agency initially estimated that
the labor rate for the Sequoyah plant would average $5.86 an hour
over the project's construction period. The current estimate averages
$7.29 an hour--a 24 percent jincrease.

Material costs increased considerably during Sequoyah's construc-
tion period. Table 3 shows material price escalation before and after

the project started.

Table 3
Total percent of escalation f{or periods
Material category 19641968 1969-1973
Iron and steel 6 37
Steel mill products 6 30
Alloy steel bar: 11 28
Nickel cathode sheets 1 19 49
Electrical sheet alloy } 7 26
Copper wire 1 41 45

TVA officials stated that their fixed price contract policy and Federal
wage and price controls reduced the full impact of inflation during -
the early part of construction, but later maierial costs increased
rapidly.

interest rates fluctuated during the construction period but were
generally higher than the 6 percent rate TVA initially projected.
The effect of higher rates was estimated at $13.5 miliion. Table 4
shows the average ratés incurred or projected by fiscal year. Increased
interest costs that are not related to higher rates are discussed in

the next section.

-17-
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<. ._— -Table 4 ' \\ I
‘ Incurred or projected v ;
Fiscal year ' . interest rate \ '
_—-5Gad year . N
7 1970 7.3 |
1971 8.0 4
K , 1972 5.5 i
. 1973 6.0 3
1974 7.0 3
1975 / g.5a ‘N
1976 / 8.5% ;
\\ 4.1"
\ —————

a Projected ; !

&

INTEREST ON BORROWED MONEY

PSS

AN
TVA officials estimg;e a 5106 million interest cost increase over
4 -

S eende 2ttt Y

the $36 million initially projected bringing the total tc $142 million.
7 Approximately $79 million of this increase is attributable to construc-
tion schedule delays requiring larger borrowings and therefore more

capitalized interest. About $13.5 million is attributable to higher

e AR AARNRRE S 9 S AR

capital costs of the plant also requiring greater borrowing. The
remaining $13.5 increase was Jue to higher interest rates as discussed
above.

TVA capitalizes interest costs during construction, and these costs
are charged to operating egg;dges when the plant beging commercial f

operation. As of June 30, 1974, $51-million were capitalized. At

h s W A e

project completion, assuming the current project cost estimate is not
increased, interest costs would be charged to operations at the rateiof .
about $5 million a month. This includes'not only all accumulated caéi- i
talized interest, but also interest incurred on other debts required to

pay the capitalized interest.

. N
TR S BTNy
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OTHER COSTS

TVA officials estimated that .dditional costs éf at least §317
million will be incurred other than those attributagle to project cost '
‘growth, because Sequoyah's construction was not comPleted on schedule.
fo satisfy its cusﬁomers' electricity .eeds during #he approximately

40-month delay perﬂod, TVA must obtain power from alternate sources by

\ —

making greater use of 1es§’economiéél fossil;fueled!plants, using 20

.
newly acquired combustion turbine power generators, 'and purchasing power
\ |

from other utility'companies.“\\k LN
]

' T~ S
— —

The extra costs’'are in addition to the estimated operating costs

TVA would have incurred if the géé:Siéh plant had been operable as origi-

nally planned. A major portion of these added costs is due to the more D
expensive type of f;el that will be used. For example, in the first
quarter of fiscal yéar 1975, TVA's cost to produce 1,000 kilowatt hours

using nuclear fuel was $1.55 as compared to $4.58 for coal and $25.53

for ﬁuel oll,

Installation of the 20 combhustion turbines are estimated to cost $137 ‘
|

!
million. TVA GEfiLi?lS stated thiat the turbines were purchased specifically

. |
because Sequoyah was|not placed In commercial operation as planned. They
|
1 i
added, however, that:the turbines may be used in later years to meet peak !

and emergency electricity requirements. A portion of the turbines depreciable

costs wereincluded iﬁ the estimated $317 million discussed above.

HIGHER POWER RATES T$ CONSUME?S . E |

TVA estimates powér rates charged its customers will increase about ? : i
percent during Sequoyah’s estimated commercial 1ife of 40 yeafs because of
the $539 miliion costggrowth. A rate increase of about 5 percent will *

be needed during the 40-month period the plant's schedule was delayed to

-19-
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pay the $317 million for the alternate sources of power discugs;d above.
TVA officials éxpect nuclear power plant construction costs to continue

increasing and these costs will be passed on to consumers. In 1983,

TVA estimates it gross kilowatt capital cost to be about $650. This

compares to Sequoyah's current estimate of $276 per gross kilowatt.

Construction costs for other methods of producing power also will be higher.

-20-
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CHAPTER 3

PROJECT SCHEDULE EXPERIENCE -
T

The first reactor unit was originally scheduled for commercial

operation in October—%573, and the\seéond unit in April 1974. The
. latest eséima:e is January 1977 and September 1977 which represents
a delay éf\gkout 40 months from the initial plan.

The principal causes of the delay were TVA's optimism toward
accomggdating forecasted elecsrfgypower requirements; TVA's reliance
on inappi;éable fossil-fueled power plant comstruction schedules for
guidance; and NRC's licensing revifw practices and required modifica-

- “tioms. ) %

S?}g;ted specific Bﬁpblems contributing to the delay included:

_%iAdditional mafg;ial testing and documentation because

NRC altered its quality assurance requirements;

—-Modified NRG criteria resulting in redesign and some back-
fitting of nuclear pipe systems to protect against a pipe-
rupture;

~-TVA analysis and redesign for altered pipe-rupture criteria
resulting in postpening orders for material that eventually
caused late delivery; ////

—~Dismaptling other completed structures because of altered
design criteria:

--A new and untested ice condenser system that later proved

unacceptable requiring extensive redesign; and

——~Changes to the emergency core cooling system.

21~
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TVA is not the only utility experiencing schedule delays--the

problem is industry-wide. For example, the Atomic Industrial Furum--a

not-for-profit international management association representing more

than 600 organizations interested in the peaceful uses of nuclear
‘energy—-published a r%port in April 1974 on the causes of nuclear power
plant delays. The reert conicludes that 46 of 47 nuclear plants under .
construction experienced schedule delays ranging from 5 to 61 months.
Although several delay factors are listed, the major causes and related
percentages of delayad plant months are as follows: changes imposed by
modifications in licensing and regulatory requirements (42%7); shortages
and inadequate productivity of personnel (177); and late delivery of
components and/or materials (8%). Other delays were caused by adminis-
trative or legal procedures, action by interveners commercial consider-
ations, and site-relatgd problems.

|

OPTIMISTIC SCHEDULING AND NUCLEAR
PLANT INEXPERIENCE |

- TVA offiecials told us, and the documents we reviewed indicated that

Sequoyah's schedule was optimistic. A major reason was because key
rrhedule dates were based on projected operational dates when Sequoyah's
electric power would be needed. Thus, TVA force-firted the design and
construction schedule to accommodate electric power requirements, and did
not base the operational date on a realistic assessment of the time needed
for design and construction.

Because TVA's experience in acheduling nuclear plant design and con-
struction was limited, the agency relied upon its extemsive fossil-fueled
plant experience to help establish Sequoyaﬁ's schedule, TVA later learned
that fossil power plant construction methodolegy is mot fully applicable
to nuclear power plant comnstruction.

-22-
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Sequoyah'e latest projected commercial operating dates in 1977 m£§*3;1<;

N— o~ -
alsc be optimistic because of future uncertainties associated witn

7

material delivery dates, 1ce condenser svstem test results, and NRC re- \\ ¢
R !

- A v
quiregehts. The latest projection contains no allowance for additional i

changes that may be made by the primary equipment manufacturer or for

compliaﬁce with additional NRC requirements.
NRC TMPACT ON SCHEDULE //f’
\\'. P

- TVA officials asserted that NRC has had a major impact on Sequoyah's

schedule by issuing several new industry-wide regulatory guide-

" lines. NRC's primary concern IE to ensure that nuclear plants are designed

and constructed to operaté safely, and little consideration is given

e v
to the effect of these guldelines on delaylag schedules, Delays translate

inéﬁ higher capltal costs.

NRC officials said the period of 1968 through 1974 was a time of
great evolution for nuclear regulatory requirements. When TVA started
designing Sequoyah in 1968, nuclear safety criteria were broad and general.
Since then, NRC has formulated and continued to upgrade its regulatory
guides to provide more detailed guidance on what is acceptable. HRC
officlals acknowledged that thisg-caused schedule delays because applicants
could not foresee these changes during a plant's early design stages.

Although %pplicants are not legally required to comply with NRC
regulatory guides, they usually update their designs to conform with NRC's
latest guides or interpretdtions. NRC officials told us that applicantg
would rather not take a chance of not belng granted an operating license
because of noncompliance. TVA officials stated that their experienée
indicates that NRC guildelines are used in practice in nearly every case as if

they had the force of law with NRC's leverage residing in the threat of

"no compliance, no operating licemse."

-23~
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Backiitting
TJ/A offjicials informed us of 23 cases at the Sequoyah project vhere
a Structure or component had to be torn out and rebuilt, or added becausc

of required fhanges. Backfittings for which\NRC was responsible were duc
to issuing ihdustry;wide regulatory guidelinés. Table 5 below shows

1 R, ,
1 -~

the number of backfitting cases and the organization responsible for causing
. ' i

the change." N ) ~ N
S . 7. Table 5
Project . —... — Organization responsible
impac 1 NRC TVA EPA Eguipment
| . o manufacture Total
Major | 6 1 2 2 11
Minor 3 5 2 2 12
Total 9 6 b b 23

1/Major impact includes changes that cost $2 million or more.
Minor%impact includes changes that cost less than $2 millioa.

TVA offf?ials stated that NRC seldom reviews backfits to assure that
substantial 'b%:nefits are derived, and believe NRC should justify any wajor
change after issuing a construction permit. Because the backfittings for
which NRC wasérespcnsible were the result of issuing regulatory guidelines
to all utilit}es, no cost-benefit analyses were made for specific plants

/

affected.

NRC Licensing PReview

NRC regulations regquire a two-stage licensiag review process before
iscuing a nuclear plant operating license. The first review is based upon

an applicants Preliminary Safety Analysis Report (PSAR) in support of a

24~
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construction permit apylication., The secord review is based upon the:
applicants Final Saflety Analysis Report (FUAR) in support of an operad.ings
licence application,

NRC apnroved TVA's &SAR which presents general désign criteria and
preliminary design information, and issued & construction permit on
lMay 27, 1970. In December 1573, TVA subunitted its FSAR to NRC which provides
details on the plant's final design. &KRC and TVA officials acknowledge that
during this L2-month period there was livtle communication between the
agencies specifically related to Sequoyah's design and construction. In
fact, NRé informed us that relatively speaking this is true for all appli-
cants. As a consequence, NRC had little knowledse of Gequoyah's desifn
detnils uneil it reviewed the FSAR at which time the plant was about 60

i

percent complete, and thé plant's design was nearly complet:. Ags the
|

NRC stwff reviewed the FéAR during 1974, 427 questions were generated
about "the plant. The re;olution of some of these questions could result
in further plant modifications.

For example, with NRC approval, TVA designed Sequoyah's reactor
buildings to withstand the impact of tornado-hurled objects such as:

-~a cross-tie, 7 inches by 9 inches by 12 feet long,

--a steel pipe 2 inches in diameter by 7 feet long, and

--an automobile 4,000 pounds traveling at 50 miles an

hour at a maximum height of 25 feet.
In June and October 197k, NRC asked TVA to analyze the impact of

additional objects such as:

--a steel pipe 12 inches in diameter by 15 feet long,
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--n stéel rod 1 inch in diameter by 3 feel long, \\
o .

Ty &;ility pole 13 % Ynches in dismeter by 35 teet loung, and ' i
--u 14,000 pound automobile hitting the top of the reactor building

™ which is 151 feet high,

TVA officials belicfggfﬁ;;; is no new evidence to show that either

. L~
“Tset. of objects is—merc realistic than the other, and consider NRC's request

to be an academic exercise, NRC officials informued us that a preliminary
review of TVA's responses Endicates that the reactor buildings will nob

require reinfarcemenﬁ;”gut that some plant features are not protected by
//’ ] . - ’
_.-buildings and may require plant additions, p
. N L
" POTENTIAL FOR REDUCLIG
NUCLEAR PIANT LEAD TIME

NRC has recommended standardizing nuclear plant desiyns as one aid
toward simplifying and shortening its licensing review process. NRC bLelicves
as industry ga“ns experience in duplicating major portions of standardized
plants, construction time and costs could also be reduced. NRC perceives
standardization as a long~term goal, but estimates that the 10 years it
has taken to construct a Eyé{ear plant could be reduced about 2 years by
common plant design.

TVA supports plant standardization and is implementing the idea for a
new nuclear plant scheduled for completion in 1980-1982. ilowever, ?gency
officials informed us that no appreciable licensing schedule advant;ge has
been granted to date.

HRC and TVA officials agreed that pre-selected nuclear plant sites would
also reduce a nuclear plant’s lead time by 1 to 2 years. Tie beginning of

plant con§truction would not be delayed if an applicunt completed the site

< \ -
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envirommental reports, hell public hearings, and secured NRC approval on a
prediecipontied plant scite years before plant desipgn started.
Seversl bil%s to umend the Atomic kEnergy Act were introduced in Llic

I
93rd Congress to help eliminate delays in WRC's nuclear licensing process

\

and generally 1m£rove licensing procedures. ?wo features included in these

bills dealt w1th standardlzed nuclear plant des“gk and pre-selected nuclear

plant sites. The latest blll—-HB l6700--1ncorporated these features and

hearings were held but not completed NRC cons:ders these two approaches

to be a nractlcal way to help reduce puclear plunt lead time from 10 +o

about 6 years. e

1
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CHAPTER 4

PLANT PERFORMANCE

The Sequoyah plant's proposed gross electrical power output is
designed at 2,441,160 kilowatts. About 6.5 percent of this output was
designed as station us? power allowing the remaining net power output of

2,280,000 kilowatts to be distributed commercially., Although numerous

engineering changes were made to the plant, net power output will be only

slightly reduced., The addition of cooling towers will cause the
largest reduction. However, future NRC decisions could further limit
Sequoyah's power production.

Major problems that TVA has encountered at Sequoyah are discussed
below.

ICE CONDENSER

The ice condenserais an enciosed refrigerated compartment cigcling
most of the inside of ébe steel containmenp vesgsel (see Figure 2)}. 1In
1968, TVA purchased thelice condenser system design for Sequoyah from
Westinghouse Electric Corporation. The design had not been tested, but
it was less expensive Ehan other designs and had more safety features.

NRC approved the system's operational thebry, but stated that
further testing was needed. In the early construction stages, TVA
discovered that the design failed to consider certain non-uniform

pressures which could cause the containment vessel to buckle.

~28-~
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In February 1972, TVA added steel stiffeners to the vessel that

/

provide additional pressure safety margins to resolve the potential \\ ;
¢ T N

v -
o

bucklin%‘pfdblem. Later in l972,\contractor tests of the ice condenser l
SYStem\qiifl?SEd a need for further design modification. The contractor's
records showed that redesign was completed in September 1374 and testing
was expected 1o be cémpleted %n*Fébruary 1975. Both TVA and design con-
~— . -

tractor officials have confidence in the new design.

TVA officials attribute : significant portion of the projectls delay

- _-to the a2ddition of steel stiffegérs and ice condenser redesign.

e
UPPER HFAD IRJECTION SYSTEM™
- - d

.- fﬁﬁper head injectfgn (UHIL) is part of the nuclear reactor's emergency

coreiéooling system. UHL  helps cool the nuclear fuel during
emergency situations if the reactor's cooling water were ever lost.

TVA added a UHI system to the Sequoyah plant in anticipation of an
NRC change to the waximum allowable fuel clad temperature of 2,300 degrees
during an accident. TVA's decision was based upon an NRC announcement to
the pmclear industry in 1972 that the emergency core cooling requirements
would be made more stringent after,.completiig an analysis and holding public

hearings., In Decemher 1973, NRC issued criteria that included lowering the

maximum fuel clad temmerature to 2,200 degrees.
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NRC is still reviewing UIL, bul expects to be finished in June Y795,
TVA has no guarantee the UHI will provide che margin of safety needed to

operate the plant at full power.

TVA officials estimated the UHI cost at $12.5 million. This cost

!
includes two new buildings required to house UH& equipment.

i —

. - e

} - ) ’
- N

SECONDARY SIDE WATRR_CHEMISTRY

: - ; !
The plant's second water cycle, referred to as secondary side water,
r ‘\\\ ~ \
is designed to change water to steam and turn.the turbines that produce

electricity (seé Figure 1).  After the steam turns the turbines it is

condensed back to water and repeats the steam generation cycle. Water is

added to this system only to compensate for evaporation.

Secondary side water contains impurities which form deposits inside

the closed-loop System. These impurities must be removed to maintain effi-
cient operation ﬁf the steam turbines.

F A plan tOremPve the impurities by <hemical treatment was origirnally
designed for Sn1¥oyah. In October 1972, the system': designer determined
that more chemic%ls than originally plonned were necessary to vemove the
impurities. The%plant's capability to treat and remcve the impuritiec
also required expansion. A new system referred to a: "reverse osmosis"
was designed to érovide greater water chemistry contriol. This system
cost $1 million,

In August l97h, iﬁdustry reports showed that certain chemicals cause
t

|
wear on the system's internal parts. TVA developed a new ftreatment planr and

added another system to keep the water cleaner and thereby reduce maintenance,

1;
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This new s&stem referred to as "full flow condensite demineralizer" is
estirated to cost $11 million and is not included in the $675 million cost
estimate. The demineralizers should not delay the construction project
because the plant can operate without it. <The demineralizers are planned
for completion 1 year afteﬂ the plant starts corrercial operation.

PIPE BREAY ‘

In 1972, WRC recognized that a steamline pipe break could endanger
the plant's safety equipment. For example, nuclear plants'® main steamlines
pacs near control rooms, cable spreading areas, ~lectrical eguipmént, and
other engineered safety features. Because of this, NRC published new criteria
reguiring séfety equipment adjacent to steamline pipes to be designed to
withstand the sudden release of high pressure steam or any pipe-whipping
that could result from a steam pipe break.

The effect of NRC's n%w criteria required utilities to make extensive
decign and construction cha%gcs to plants under construction. TVA had
started installing a few pi%e systems at that time, and these systems had
to be reanalyzed and redesigned. The redesign required relocating pipes,
adding pipe restraints, st;engthening structures, and adding walls.

COOLING TGWERS

Two cooling towers L459 feet high and 535 feet in diameter at the basc
were recently added to the Sequoyah design at a cost of $50 million in order
to comply with EPA requirements to lower the temperature of water released
by the plant. The towers are linked to the third water cycle (see Figure 1)
which passes through a portion of the plant's system before returning to the
Chickamauga Iake, or before recirculating if the water cycle is operating in

a closeC-loop mode. The water temperature in the third cycle increases up

to 30 degrees above the inlet water temperature.
-31~
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water diffuser aipe system to mix the plant’s warm water with the cooler !

Instead of -ooling';owera, TVA originally planned to use an under
\_

lake water. This desipgn was ba;gd on the State of Tennessee's 1968 \ '
proposé& thermal standards of 93 degrees with no more than a 10 degree rise.i
.77 The Téh essee Stream Pollution Control Board approved these limits, but |

EPA and its predecessor on envizgpméntal matters, the U.S. Department of , |
~. ‘\qusgior, did not approve p;nﬁihg further study.

~ -

T ~ In 1971, EPA directed Tennessee toc hold public hearings on water

temperature standards. Tennessee upheld thelr standards as originally
- proposed. However, in 197%/EPA directed Tennessee to lower the temperature

e -

limits to 86.Q~degfff5/with a maximum rise of 5.4 degrees.

" EPA's policy statement on thermal criteria states: "the individual

water body must be analyzed to define the individual species or community
to be protected." FPA officials did not make a specific study of the
Tennessee River but stated that the standards set were based on the River's
historical temperature records; the effect of added heat on the total water
quality, especially the stream's capacity tc absorb organic waste; and
protecting the reproduction and growth of two game fish--the Walleye
and Sauger. EPA relied heavily én Ohio River studies to set the
temperature standards, especlally regarding profection ef the game fish.
EPA officlals stated that the origin-1 Stafe thermal standards for
the Tennessee River would have been damaging to the river as well as to
its aquatic life. However, they 4id not kﬂow the extent of damage !
the river would sustain ov the percentage of fish that would be killed. . i

They stated that under the law, they are cbligated to protect the river

and its . quatic 1life from any damage, no matter how little.




R

TVA officlals stated that scientific justification 1s not available
for the EPA thermal standarde for the Tennessee River. The Tennessee

State Department of Water Quality agrees with TVA's position. These

officials believe thg EPA thermal standards were established to obtain

f ‘
uniform state codes for the Tennessee River,;f and claim the cooling

l

tower costs outweight the benefits.v An EPA official informed us that cost-

e

benefit factors are_ not sole criterla for EPA’ dec1si ns.

~ |

Under a cooperative effort with EPA, TVA is building a biothermal

AN N
research center at its Browns Ferry nuclear plant to study thermal effects

on aquatic life., Meanwhile, TVA must comply with existing EPA standards,

and té do so it is installing césiing towers at all ;f its nuclear
i |
plants at an estimaéed cost of $400 nillion.
Cooling towersiuse electricity which reduces the electrical output
available for commercial use, TVA estimates that if the towers are

operated in a partial mode, that is where water passes through the towers

|
and is released into Chickamaugz Lake, the total average annual reduction
will be about 5,670 kilowatts. If the towers are operated in a closed-locp

mode where the water'continually circulates 100 percent of the time, a

t

third tower may be needed at a cost of at least $25 million. This would
|
require considerably more electricity with an estimated average annual

reduction of about 39,190 kilowatts.
|
!
1/ Similar standards had previously been established in the State of
Alabama through which the Tennessee River also flews.
|

i
!
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ESSENTIAL RAW COOLING
WATER P"MPING STATION

.~ The essential raw cooling water purping station provides cool water
to the reactor system during normal cperations and serves as a coolant
system in the event of a major accident.

The pumping station Fas originally designed and built along the shore
of the Intake canal. Thi; canal is the plant's source of cbol water.
However, ° the cooling towers are operated under a closed~loop mode as
discussed above, the warm cooling tower water will be recycled into the
intake canal. This will cause thé canal water to become too warm to
properly cool the reactor system. A new pumping statlon must therefore
be built at another location where a sufficient supply of cool water is
avallable. This new station and its connections to the powerhouse is
estimated to cost $25 miliion, the full cost of which is not reflected in
the current project estiméte of $675 million.

|
\.

l
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CHAPTER 5

- CONCLUSION.AND RECOMMEKDATION
— -
Concurrent design and comstruction of nuclear plants 1. a normal

industry practice aécording to NRC off;cials, and plants are often

———— .
custom-designed making an extensive NRC review necessary to ensure public

health and safety. As new technology 1is applied, NRC reviews become even

more importaint. An extended perod of time usually elapses betwzem NRC's

-

two-stage licensing review process~ 2 months in the case of TVA's
Sé;&g§§h~p13nt -~ and ccncurrené;, customization, and new technology
‘can increase the likelihood NRC will find problems with 2 utility's
“E}ant degign. The result can be mqgified designs and backfits which
translate into added costs and“delayed schedules,
S nNRC’éEfi;iaiE aSEEQWIééged there waé'infrequent communication with
utilities about speéific plant designs and related probrems during
the interval between NRC's two-stage review. They informed us of ways
utilities can stay informed of NRC requirements and acceptance criteria.

We believe it may be possible to reduce or avoid some modifications
to nuclear plants if NRC maintained surveillance over critical features

. of a plant's design during the interval between its two regular reviews.
Except for safety, the main concernlfhould be to assist the utility in
avoiding future increased costs aﬂé/delayed schedules.

Ve recommend that NRC re-examine its licencing review procedures
and practices with the objective of maintaining surveillance over nuclear
plant designs during the interval between its two regular reviews -~
particularly designs prepared concurrently with construction -- and of
finding ways to provide concurrent assistance to utilities in cder to

reduce costs and maintain schedules.
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Matter For Consideraticn'
- Several bills were introduced in the 93rd Congress to help eliminate
| delays in the nuclear liceﬁaing process and to generally improve licensing
procedures. Two feaéures dealt with standardized nuclear plant designs
and pre~selected nuclear plant sites, The latest Bill‘to incorporate
these features and to amend the Atomic Energy Act was H.,R. 16700,
Hearings were held but not completed.

The Congress may wish to continue reviewing the advantages and
disadvantages assoclated with standardization and pre-selected plant
gites, and consider appropriate legislation to help reduce nuclear

plant lead time.

BEST DOCUMENT AVAILABLE

T =36~






